2 pure UBM. Nitrogen flow rate was varied (5 sccm to 300 sccm) whereas the average power on target was maintained around 8kW. Target resistance vs N 2 flow rate curves for these conditions have been plotted in order to analyze the poisoning effect. When only one UBM target was operating target poisoning effect was prominent between the flow rates of 80 and 170 sccm. However it appeared reduced and in nearly same flow rate ranges (90 and 186 sccm) when only one HIPIMS target was operating. When 4 UBM targets were operated, target poisoning effect was evident however expectedly moved to higher flow rates (175 sccm and above) whereas appeared diminished when 2 UBM and 2 HIPIMS were running simultaneously. Further, to analyze the effect of actual target conditions (poisoning) on deposition rate and on the properties of the films deposited, commercially widely used Chromium nitride (CrN) coatings were deposited in mixed HIPIMS and UBM plasma and at 5 different flow rates of nitrogen. Detail characterization results of these coatings have been presented in the paper which will assist the reader in deposition parameter selection.
Key words: HIPIMS, UBM, CrN, Nitrogen flow rate, target poisoning, PVD coatings.
I. INTRODUCTION
Over the years, reactive sputtering has been thoroughly investigated and reported by various researchers. It is well known that in reactive sputtering, the formation of a compound layer on the target alters the voltage-current characteristics of the target and is termed as target poisoning. This can have a detrimental effect on the sputtering process stability, on the coating deposition rate and microstructure leading to an effect on the properties of the coatings deposited. Target poisoning phenomenon has shown a complex but sensitive relation to the target powers and reactive gas partial pressures, which in turn are related to the energetic ions /neutrals in the vicinity of the target surface. 1 
In High Power Impulse Magnetron Sputtering (HIPIMS) and in most Ionized
Physical Vapor Deposition processes (IPVD), due to high target powers (in a pulse) and highly ionized flux (reactive and process gases and metal species) in the vicinity of the target and in the deposition chamber space 2 , the situation is more complex. It was reported that in highly ionized plasmas poisoning mechanism can include both chemisorption and reactive ion implantation. The machine was operated in the constant power mode where the average power on the target(s) was always maintained at 8 kW irrespective of the technology (UBM/ HIPIMS) and study conditions described above. When HIPIMS was utilized, the generators were used in a non-synchronized mode with 200 µs long pulses at a frequency of 100 Hz, both which were held constant along with the peak voltage. It is well known that HIPIMS plasmas are rich in metal and gas ions which can be effectively utilized to pre-treat the surfaces before deposition to improve adhesion 17 or deposit dense coatings. It is also understood that HIPIMS can also be treated as an IPVD technology without the necessity of any external ionization devices, as the metal flux being deposited is ionized along with the reactive and process gases. Thus it can be combined with other techniques such as UBM to reap the benefits of enhanced ionization, but with greater flexibility over deposition conditions such as bias voltage, deposition temperature as well as acceptable deposition rate. . Coating thickness and microstructure analysis was conducted by crosssectional microscopy using a scanning electron microscope (NOVA-NanoSEM). Details of the deposition chamber, characterization techniques and analytical instruments can be found in a previous publication.
II. EXPERIMENTAL
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III. RESULTS AND DISCUSSION
A. Target resistance curves
As stated in the experimental section, four sets of target operation conditions were studied. While employing the UBM technology, DC generators were operated in constant power mode (changing voltage); while for HIPIMS the generators were used in constant voltage mode (changing peak current and power). These respective modes of operation of the power supplies produced the most stable discharge conditions and hence were used in the current set of experiments. In order to compare hysteresis effect from these two different technologies and operation mode, it was important to find a normalization factor. Thus electrical resistance of the target as an effect of changing target condition (poisoning with changing N 2 flow) was calculated and compared. Figures 2 to 5 show the changing target resistance and total gas pressure of the chamber as an effect of changing N 2 flow and deposition technology. Figure 2 shows the changing resistance and total gas pressure of the Cr target with changing N 2 flow when only one target was operated in HIPIMS mode. As visible in this Figure 3 shows the target resistance and total gas pressure vs N 2 flow curves when the target is operated in UBM mode. It can be observed that target resistance increases almost linearly with N 2 flow rate until almost 75 sccm. Also the slope of the total gas pressure curve is less steep in this flow range. The results suggest that any N 2 gas added to the chamber is readily consumed at the target and contributes to its poisoning. Thus the decrease in target current measured (increasing voltage for a DC generator in constant power mode) is a direct result of continuously reducing sputtering yield owing to the formation of a compound which has a higher secondary electron emission yield. 19 At this stage (75 sccm), it could be estimated that the target is thoroughly covered by the nitride 11 and any addition of reactive gas would lead to its stoichiometric changes and/ or its thickening. On further increase of the reactive gas flow in the chamber, target resistance slightly dropped (around flow rates 75 to 100 sccm), however picked up again until flow reached around 170 sccm. Beyond 170 sccm the resistance showed a continuous drop again. Target poisoning is governed by the equilibrium between the gas flow and three drains for the reactive gas; a) the pumping speed, b) reaction with deposited substrate /walls, and c) reaction on the target. Since the pumping speed was kept constant in all the cases, the deposition rate of material on the chamber walls and the buildup of compound on the target are inversely related. Thus the complex behavior of changing resistance of the target can be attributed mainly to the changes in stoichiometry of the compound and its thickness formed on the surface of the target. The poisoning hysteresis is prominent as compared to pure HIPIMS and clearly visible in between flow rates of 70 and 170 sccm.
1 target HIPIMS
1 target UBM (DC)
Comparing results from figure 2 and 3 and the fact that decrease in resistance with almost linearly rising gas total pressure, figure 2, suggests that the formation of compound at the target surface and its removal by sputtering is much more dynamic in the case of HIPIMS as compared to UBM sputtering processes, figure 3. Figure 4 shows the target resistance and total gas pressure recorded when the target was operated in HIPIMS mode along with one more target in HIPIMS and two targets in UBM mode simultaneously. As observed for the conditions of one target in HIPIMS, target resistance showed no significant change until the N 2 flow rates reached 100 sccm. From flow rates of 100 to until 270 sccm, resistance continuously dropped, apart from the sharp increase in between flow rates of 275 to 300 sccm. Total gas Figure 5 shows the results for the target resistance and total gas pressure when operated in pure UBM mode along with all the rest of the targets also in UBM mode.
2 targets HIPIMS and 2 targets UBM (DC)
4 targets UBM (DC)
Resistance showed a continuous upward trend until flow rates reached around 300 sccm, voltage of -150V was used. 21 However the authors report that, for the same pulse energy, above a critical nitrogen content in the films (33 at.%) transition from a column free, nano-sized grain structure into more obvious columnar grain structure takes place. Thus in the current set of results the columnar structure observed for all the coatings, irrespective to the nitrogen content in the film, can be largely accounted to the UBM flux.
B. Coating deposition
As clearly evident from the images, the deposition rate changed significantly as the Table 2 
IV. SUMMARY AND CONCLUSIONS
Cr target poisoning studies in a reactive atmosphere (nitrogen+ argon) were successfully conducted in an industrial sized deposition chamber operated by different technologies namely pure HIPIMS, pure UBM and combined HIPIMS+UBM techniques. Also CrN deposition was successfully carried out at faster deposition rates by combining HIPIMS and UBM technologies. Very dense coatings were produced even at low nitrogen flow rates. This is a significant achievement since low bias voltages were used and literature 
